Load frequency control (LFC) in power systems operation has been a major issue of concern to power system operators. This paper considers design and simulation of a fuzzy logic controller for a single area load frequency control of an isolated power system. The performance of the controller is compared to other existing controllers such as proportional integral (PI) and optimal controllers employed for LFC controls. The result showed an improved frequency and power response during load changes.
INTRODUCTION
Isolated power generating units operating in our residential and commercial areas sometimes witness instability due to load variations. The consequence of the above will be a corresponding perturbation in the frequency of supply. Many classical approaches have been used to provide supplementary control which will drag the frequency to normal operating value within a very short time. Such methods include use of proportional integral controllers [1 -3] applied to act on the load reference setting to change the speed set point. This problem is generally referred to as load frequency control (LFC). The purpose of the integral action is to increase the system type by 1 which will force the final frequency deviation to zero. The control is dependent on the governor speed regulation R and the integral controller gain KI. This control technique is found to be easy in implementation but generally gives large frequency deviations. Optimal control techniques based on feedback controllers have been proposed to achieve better performance [4 -6] but it was found that some information about the states are difficult to be known completely. Other approaches based on adaptive neural networks [7 -8] has been employed to achieve better dynamic responses but the large amount of data and time needed for the training brought some setbacks. Already, some works has been carried out on power systems LFC using fuzzy logic. Higu et al [9] proposed use of frequency deviation and change of frequency deviation as inputs to fuzzy controller while Indulka et.al used area control error (ACE) and change in ACE as inputs to the fuzzy controller [10] .
This work proposes a combination of fuzzy logic controller and classical PI controller for effective and efficient control of frequency during load perturbations. The result shows an improved dynamic response even when system nonlinearities are considered. Figure 1 [ ]
THE SINGLE AREA MODEL
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CONVENTIONAL PI CONTROLLER
When there is load perturbation in the LFC of figure 1, it will result to a steady state frequency deviation. The essence of the supplementary control action is to reduce the frequency deviation to zero. The integral controller applied at the load reference setting, changes the speed set point. The controller actually increases the system type by 1 which forces the final frequency deviation to zero (see Fig.  2 ). The integral controller is adjusted for a satisfactory transient response.
OPTIMAL CONTROLLER FOR 1-AREA LFC
The main goal of optimal regulator or controller design is usually to determine the optimal control law u*(x, t) which can transfer the system from its initial state to final state such that a given performance index is minimized. The applied performance index widely used in optimal control design is the quadratic performance index which is based on minimum-error and minimum -energy critical []. Let the single area power system be described by
The problem is to find the vector k(t) of the control law.
which minimizes the value of a quadratic performance index J of the form.
Subject to equation (2) . Q = positive semidefinite matrix R = real symmetric matrix. Using the lagrangian multiplier (λ) in optimization, equation (2) and (4) are augmented and the problem reduces to the minimization of the following unconstrained function. 
which is of the form
The optimal control scheme for a single area is simulated in section 3 of this work.
FUZZY CONTROL FOR A SINGLE AREA OAD FREQUENCY CONTROL (LFC)
Fuzzy control is based on a logical system called fuzzy logic. It is much close in spirit to human thinking and natural language than classical logical systems. The LFC as has been reported in several papers is to maintain balance between production and consumption of electrical power. Due to the complexity and multi-variable nature of power systems, a conventional control method has not provided satisfactory solutions. The fuzzy logic control has tried to handle the robustness, reliability and nonlinearities associated with power system controls. Table 1 shows a set of decision rules, also expressed in linguistic variables relating input signals to the output (control) signal. The rules interpreted as follows:
If f Δ is LP and f Δ & is MP then u is LP
SIMULATIONS AND RESULTS
The following parameters of an isolated power station are assumed 
CONCLUSION
A comparative study of performances of proportional integral, optimal and fuzzy logic based controllers to a single area load frequency control scheme is carried out in this work. The PI controller is seen to perform very well as regards to the frequency and power fluctuations during region but may oscillate outside it.
The optimal controller showed good performance but highly depends on the choice of the weighting matrices Q and R. Wrong choice of these may result to the frequency and power oscillating during disturbances. Fuzzy logic controller gave a very good stable performance of frequency and power responses during large disturbances but still depends on the expert knowledge in choosing the rule base. A close analysis of the results shows that the fuzzy logic controller performs well even when the disturbance is very large and with non linearity of the power system taken into consideration.
